Background: Methicillin-resistant Staphylococcus aureus (MRSA) is recognized as an important cause of not only hospital acquired pneumonia, but also non-nosocomial pneumonia. However, the risk factors for non-nosocomial MRSA pneumonia are not clearly defined. Our objective was to identify risk factors at admission that were associated with non-nosocomial MRSA pneumonia.
Background
Methicillin-resistant Staphylococcus aureus (MRSA) is the major bacterial pathogen of hospital-acquired pneumonia and ventilator-associated pneumonia, with an incidence ranging from 20% to 40% [1, 2] . However, increased out-of -hospital services have led to the spread of MRSA beyond the hospital, and 2.2% to 22.3% of healthcare-associated pneumonia (HCAP) cases are caused by MRSA [3] [4] [5] [6] . In community-acquired pneumonia (CAP), MRSA was thought to be an uncommon pathogen, comprising only 1-5% of cases [7] [8] [9] [10] . Recently, the incidence of community-associated MRSA pneumonia has increased and it is regarded as an emerging problem [11] [12] [13] [14] .
Previous studies have reported that non-nosocomial MRSA pneumonia, including CAP and HCAP, was likely to be severe and life-threatening with a high mortality [11] [12] [13] [14] [15] . Therefore, recent guidelines regarding the treatment of non-nosocomial MRSA pneumonia have recommended empirical therapy for MRSA in selected patients [16] [17] [18] . However, optimal selection of such patients was not clearly described. The lack of rapid, sensitive, and specific diagnostic methods for MRSA detection in pneumonia patients makes clinicians to initiate the antibiotics treatments empirically without any degree of certainty. Some guidelines recommend that patients with particular risk factors should be started with anti-MRSA therapy; however, these recommendations are usually based on evidence from case studies or opinions of experts, resulting in inconsistencies [11] [12] [13] [14] [15] [16] [17] [18] [19] . Moreover, among non-nosocomial pneumonia patients, risk factors were primarily identified for CAP [20] ; thus, there are limited data regarding overall characteristics and risk factors of MRSA pneumonia developed outside a hospital.
The aims of our study were to examine the proportion of pneumonia caused by MRSA among patients admitted to the hospital and to identify risk factors for MRSA at admission. This study may provide more clarified approaches for clinicians to predict MRSA pneumonia and guide initial antibiotic treatment decisions.
Methods

Study design and subjects
The present retrospective observational study included patients admitted with pneumonia to Severance Hospital in Seoul, South Korea between January 1, 2008 and December 31, 2011.
All patients were hospitalized with pneumonia, aged ≥ 20 years, and had culture-positive bacterial infections. Patients were classified into either non-MRSA or MRSA groups according to culture results.
The electronic medical records and imaging studies were reviewed. Data on baseline demographics, clinical manifestation, radiographic findings, and treatment outcomes were compared between MRSA and non-MRSA groups. Risk factors associated with MRSA pneumonia were identified for the prediction of MRSA pneumonia. The study protocol was approved by the Severance Institutional Review Board.
Definitions
Pneumonia was defined as the presence of a new infiltrate on chest radiography and signs or symptoms of lower respiratory tract infection (e.g., cough, expectoration, and chest pain) that were not attributable to other causes [12] . MRSA pneumonia was defined as pneumonia coinciding with isolation of MRSA as the only potential pathogen.
HCAP was defined by at least one of the following criteria according to American Thoracic Society (ATS) and Infectious Disease Society of America (IDSA) guidelines: hospitalization within 90 days before pneumonia diagnosis; admission from a nursing home or a long-term care facility; infusion therapy such as intravenous antibiotics, chemotherapy, or wound care within 30 days before pneumonia diagnosis; and/or chronic hemodialysis or peritoneal dialysis [17] .
Immunosuppressed patients were defined as those in at least one of the following categories: (1) daily use of an oral corticosteroid (≥ 15 mg prednisone/day for more than 1 month or combination therapy with low-dose steroids and other immunosuppressants, including azathioprine, mycophenolate, cyclosporine, and methotrexate); (2) radiation therapy or chemotherapy for malignancy within 6 months prior to admission; (3) infection with human immunodeficiency virus; (4) recipient of either an organ or a bone marrow transplant; or (5) underlying acquired immune deficiency disorder [20, 21] .
Microbiological studies
Pathogens from respiratory specimens (bronchoalveolar lavage fluid, pleural effusion, lung abscess, or sputum) and blood were investigated using standard microbiological procedures. Sputum samples were cultured using semi-quantitative methods, and an etiological diagnosis was confirmed when a predominant microorganism was isolated from group 5 sputum, according to Murray and Washington's grading system [22] . Positive blood cultures were considered an etiological diagnosis if no other infection source was evident. Positive urine antigen for Streptococcus pneumoniae or Legionella were considered evidence of infection. Antibodies against Mycoplasma pneumoniae were detected by microparticle agglutination assay (MAG). High elevated titer (> 1:160) or fourfold increase of the titer between 2-4 weeks interval is regarded as Mycoplasma infection [23] . Organisms such as coagulase-negative staphylococci and diphtheroids were considered contaminants.
Statistical analysis
Categorical variables were analyzed using the χ 2 test or Fisher's exact test. Continuous variables were analyzed using t-test or the Mann-Whitney U test. To identify independent risk factors for MRSA pneumonia, multivariate analysis using logistic regression was conducted. Multi-collinearity of these variables was checked, and the goodness of fit of the model was verified by the Hosmer-Lemeshow test. The predictive value of the risk-scoring model was evaluated using receiver operating characteristic (ROC) curve analysis. A P value less than 0.05 was deemed to be statistically significant.
Results
Patient characteristics
Among 943 total patients, 78 (8.3%) were diagnosed with MRSA pneumonia; the remaining 865 (91.7%) comprised the non-MRSA group. Table 1 shows the baseline and clinical characteristics of the MRSA and non-MRSA groups. More patients in the MRSA group were categorized as HCAP than in the non-MRSA group (73.1% vs. 45.1%; P < 0.001). Diabetes, cerebral vascular accident, cardiovascular disease, and malignancy as underlying disease were more common in the MRSA group. Tube feeding, hypoxia at admission, and a previous history of MRSA infection within 1 year were more frequently observed in the MRSA group. Disease severity was more prominent in the MRSA group based on the CURB-65 and pneumonia severity index (PSI). The distribution of pathogens in non-MRSA group is presented in Table 2 . Common organisms included Pseudomonas aeruginosa (18.5%), Immunosuppression includes the following: (1) daily administration of systemic corticosteroids (at least 15 mg of prednisone per day for more than one month or combination therapy with low dose corticosteroids and other immunosuppressants including azathioprine, mycophenolate, methotrexate, cyclosporine, or cyclophosphamide); (2) seropositivity for human immunodeficiency virus; (3) received either a solid organ transplant or bone marrow transplant; (4) treated with radiation therapy or chemotherapy for an underlying malignancy during the 6 months prior to hospital admission; (5) an underlying acquired immune deficiency disorder. Abbreviations: MRSA methicillin-resistant Staphylococcus aureus, ER emergency room.
Streptococcus pneumoniae (17.7%), Klebsiella pneumoniae (16.5%), and Mycoplasma pneumoniae (15.5%).
HCAP risk factors
Among the HCAP risk factors, recent hospitalization was the most common risk factor in both groups (Table 3) . Patients in the MRSA group were significantly more likely to be recently hospitalized, reside in a nursing home, or receive recent intravenous antibiotics.
Chest radiography
On the chest radiographs, multiple infiltrates were the most common finding in the MRSA group (39.7%), and the single infiltrate was in the non-MRSA group (52%) ( Table 4 ). The presence of a single infiltrate was significantly more frequent in non-MRSA than MRSA groups (52% vs. 35.9%; P = 0.006).
Treatment and clinical outcomes
From the first day of admission, glycopeptide antibiotics were administered to 14 (17.9%) patients in the MRSA group and 95 (11.0%) patients in the non-MRSA group without a significant difference (P = 0.065). The proportion of patients who were intubated was not different between the groups as well as the percentage of patients admitted to the intensive care unit (Table 5 ). However, in-hospital mortality was significantly higher in the MRSA group than in the non-MRSA group (33.3% vs. 21.5%; P = 0.017), and the MRSA group had a longer length of hospitalization compared with the non-MRSA group (16.5 days vs. 11 days; P = 0.001).
Factors associated with MRSA pneumonia at admission
A multivariate analysis identified three risk factors independently associated with MRSA pneumonia ( 
Discussion
This is the first study performing multivariate analysis to identify risk factors for prediction of non-nosocomial MRSA pneumonia. We found that patients presenting with previous history of MRSA infection, PSI score ≥ 120, or previous intravenous antibiotics treatment within 30 days were at high risk of MRSA pneumonia and those with single infiltrate on chest radiography were at low risk.
In our study, the prevalence of MRSA as the identified etiology of non-nosocomial pneumonia was 8.3% (12.8% for HCAP and 4.2% for CAP), which was consistent with that in previous reports ranging from 3% to 30% for HCAP and 0% to 15% for CAP [24] . Because our hospital, as a large tertiary referral hospital, has many patients with prior local hospital contact, the MRSA prevalence of pneumonia is likely higher than what would be found in typical community practice. Nevertheless, our results show that MRSA is not a rare cause of CAP. The boundaries among hospital-acquired, healthcare-associated, and community-acquired MRSA pneumonia are becoming blurred because of the continuous movement of patients, and thus infections, between the hospital and community.
The current HCAP criteria include a heterogeneous group of patients with various backgrounds, particularly diverse microbial etiologies [17] . Recently, the concept of HCAP has become controversial, and several studies suggested that the definition of HCAP should be refined to improve the prediction of resistant pathogens [25, 26] . In the same context, risk factors for pneumonia due to MRSA are subtly different from those for other potentially resistant pathogens and treatment for MRSA pneumonia is distinct from that for other drug-resistant pathogens. Recent IDSA guidelines recommend empirically starting antimicrobials both in cases of CAP and HCAP if certain risk factors accompany MRSA pneumonia [27] . However, the level of evidence supporting this recommendation is low with varying risk factors reported [7, 11, [13] [14] [15] 19, 27] . Therefore, a specific predicting method for MRSA pneumonia is necessary and we investigated risk factors for MRSA in all non-nosocomial pneumonia including risk factors for HCAP.
Of HCAP criteria, recent hospitalization, residence in a nursing home, chemotherapy, and dialysis were not independent risk factors for MRSA in the present study. As a tertiary university-affiliated hospital, underlying disease of malignancy was observed in more than one-third of both MRSA and non-MRSA groups, resulting in no significant difference of chemotherapy. The total number of patients on dialysis in the present study was relatively small compared with that in previous studies, so it might be an important risk factor for MRSA pneumonia in other community settings.
Besides HCAP criteria, a history of MRSA infection within 1 year and severe illness were most significant predictor of MRSA pneumonia. Known colonization or infection with MRSA is one of the most essential risk factors in MRSA pneumonia [7, 27, 28] . Previous studies have reported that patients with MRSA pneumonia tended to be severely ill [19, 27] . Although single variables related to disease severity such as intubation, shock, and intensive care unit admission were not significantly different between the MRSA and non-MRSA groups in this study, the higher values for PSI score that represent severe disease was associated with MRSA pneumonia. Several studies reported multiple infiltrates on chest radiograph as a high risk factor for MRSA pneumonia [28] , but other drug-resistant pathogens also tended to show multiple infiltrates. Thus, multiple infiltrates are not a distinct indicator for prediction of MRSA. Instead, if the patient presented with a single infiltrate on chest radiography, there was a low probability for MRSA pneumonia. Although an association between influenza and MRSA pneumonia has been established in several studies [27] , we could not evaluate the relationship between them because of the low frequency of testing for influenza infection and a lack of data regarding a previous history of influenza. Currently, there is no specific microbiological or serological diagnostic method to confirm MRSA infection immediately on presentation of non-nosocomial pneumonia. Thus, there is a need for a distinct protocol for an appropriate initial treatment for MRSA pneumonia. The identified four variables are all clinical findings available at admission and objective indices with little potential for various interpretations. Those factors could provide a clue for physicians regarding whether to start anti-MRSA treatment empirically. For years, vancomycin was the only antibiotic available for the treatment of MRSA pneumonia [1] , and linezolid is an alternative choice achieving greater levels in lung epithelial lining fluid than in plasma [29] . Further study is underway to clarify which agent is more superior for the treatment of MRSA pneumonia [1] .
Rapid institution of appropriate antibiotic therapy in patients with highly suspected MRSA pneumonia is strongly recommended according to several guidelines [1, 18, 27] . Delay of effective antibiotic therapy was associated with increased mortality in patients with ventilator associated pneumonia or septic shock [30, 31] . Among the patients with MRSA bacteremia, inappropriate empirical antibiotic therapy and non-eradicable foci including pneumonia were independent risk factors for mortality [32] . However, unnecessary broad-spectrum antibiotic therapy may promote the emergence of resistant organisms in the patients and the environment. Therefore, antibiotics de-escalation should be considered according to patient's clinical response and the final results of cultures.
Our study has several limitations. First, this was a retrospective study of patients admitted to a single center. This center is a major, university-affiliated, tertiary referral hospital in South Korea, implying that the study population was relatively severely ill and had several comorbidities. Therefore, patients in this study may not reflect those at other institutions. Physicians should consider the characteristics of their local patient population when applying our approach at their institution. Second, we analyzed only patients with culture-positive pneumonia. Culture-negative pneumonia comprised a significant proportion of all pneumonia cases. However, we included only culture-positive cases because our goal was specifically to identify MRSA risk factors. Third, a positive culture of MRSA may reflect colonization rather than true infection for some cases although we considered MRSA as the only potential pathogen. Finally, our sample size was limited to only 78 MRSA pneumonia patients; however, ours is still one of the largest sample sizes on this topic to date [7, [11] [12] [13] [14] [15] . The prospective study with a greater number of subjects is necessary to improve prediction for MRSA pneumonia.
Conclusion
MRSA is distinct from other drug-resistant pathogens in terms of disease severity and different antibiotic treatment. This study identified clinical risk factors that predict MRSA in hospitalized, non-nosocomial pneumonia. Anti-MRSA antibiotics could be considered in patients with several risk factors identified herein until MRSA has been excluded. The presence or absence of these factors would provide useful guidance for initial selection of empirical antibiotics. 
